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FOREWORD

The Defense Logistics Agency is required by Department of Defense
Instruction (DoDI) 4100.37, Retention and Transfer of Materiel Assets, to
develop limits on the amount of stock held above that required for normal
day-to-day operations. While DoDI 4100.37 provides for several categories
of stock, the one studied here is econmmic retention stock.

This analysis determines the maximum amount of stook for which it is more
econamiocal to hold the stock in anticipation of same future demand than to
dispose of the stock and risk having to reprooure it to meet future
demand.

The results of the analysis indicate that the current limits may be too

high for those items with higher unit prices and too low less
sxpensive items.

Policy and Plans

iii
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EXEQUTIVE SUMMARY

The Department of Defense Instruction (DoDI) 4100.37, Retention and

Tranasfer of Materiel Assets, specifies policies for the retention and transfer
of materiel assets. The instruotion allows for the stratification of
wholesale stock into several levels, one of which is economic retention. The
econamic retention limit specifies the amount of stook that should be retained
to meet future peacetime demand for purely economioc reasons. The Defense
Logistics Agency currently uses an average limit of 10 years worth of stock
measured at the current demand rate. "
This analysis uses a breakeven equation to determine the maximun amount
of stock that should be retained for economic reasons. The equation balances
the two alternatives available: (1) to inour the coat to hold the stock until
it is used or (2) to dispose of the stock and take the chance that it may have
to be reprocured to meet a future demand. When the expsoted cost inourred to
hold the stock equals the expected ocost to dispose and reprocure, the eoonmmio
reteggon limit has been reached.

" The economic returns limit was also investigated. The same amalyais is
performed for the returns limit, except that the expected cost to hold is
inoreased by the cost to return the item to the wholesale depot. P

<

The results of the study indicate retention/return limits are dependent
on the diasposal oost and returns cost, where applicable. The analysis
supports setting various econamic retention/returns levels based upon the unit
cost of an item and the expected remaining life of the item. The study
recommends: (1) lower retention limits for those items with higher unit
prices, and (2) extended limits for those items with lower unit prioces. For
less expensive items the returns limits is lower than the retention limit due
to the inclusion of the cost of returning an item in the holding cost
calculation.

During the course of this project other issues affecting the
retention/returns policy were surfaced. These include special provisions for
weapons system items and for items which have intermittent demand patterns.
These issues were beyond the scope of this study but should be oonsidered for
future research.

xi



I.  INTRODUCTION

A. Backaround- Department of Defense Instruction (DoDI) #4100.37,
Retention and Transfer of Materiel Assets[1], specifies policies for the
retention and transfer of materiel assets. The retention policy stratifies
wholesale assets into several categories. One of these levels is for econmmic
retention stock. The Defense Logistics Agenoy Manual (DLAM) 4140.3, Materiel
Management Manual{2], states that econamic retention stock is determined by
computing an econmmic retention limit which represents the maximum level of
stock that could be econamiocally justified to meet future peacetime demands.
Economic retention limits are commonly referred to in terms of years or years
worth of stook. This teminclogy actually indicates a quantity of stock
determined by current annual demand levels. [ILA ocurrently uses an average
econamic retention limit of 10 years worth of stock at current demand levels.
This 1limit can vary by commodity or by Federal Supply Class (FSC), if
appropriate. The current limit was established in 1982 in response to DoDI
4100.37.

B. Purpose. The DLA Directorate of Supply Operations requested the DLA
Operations Research and Econmmic Analysis Office to evaluate DLA's
implementation of the DoD Directive and to propose recommendations, if
necessary, for improving retention limits for DLA wholesale stocks.

C. Objegtive. In the determination of an economic retention limit, one
is given two options. Stock can be held or that stool: can be disposed. In
order to decide between thess options, one must know the costs associated with
holding stock or disposing of it and reprocuring at a later date, if
necessary. Identification of relevant costs then allows one to determine at
what stock level it beoomes more econamical to dispose of stock than to hold.
The costs of accepting additional materiel into the system by means of a
return must also be considered when weighing holding oosts against probable
reprocurement costs. The objective of this study is to identify those
maximun stock levels which can be considered as an econamic retention 1limit
and an economic returns limit for ILA wholesale stock. Proposed methods of
implamentation will also be considered.

D. Scope

1. The development of economic retention limits were examined for
all DLA-managed items except subsistence, fuels, and new items.

2. Possible variations in economic retention limits were investi-
gated for replenishment demand items, numeric stookage objective (NSO) items,
insurance items, and retail oustamer stock returns.

II.  METHODOLOGY

The retention decision basically involves a balancing of costs versus the
benefits of retaining material in the inventory. Simply put, this decision
involves a trade-off between: (1) disposing of the assets and reprocuring
them when needed, and (2) retaining the assets for future issues and avoiding
future reprocurasent costs., In the DLA enviromment, the costs to hold assets
are very low compared to the costs of reproouring them. Therefore, it ia
usually econamical to retain some level of assets in the inventory. However,
retaining a unit of stock does not autamatioally equate to saving the oost of



a reprocureament. Demand for the item may cease before the unit is needed in
which case retaining it would not have saved anything at all. The time value
of money must also be oconsidered; the unit of stock may not be needed until
many years in the future, and a hundred dollars saved 10 years fram now is not
worth as much as a hundred dollars saved today. The question then is at what
level of stock do the costs to hold an item equal the costs of disposing of
the item and reprocuring it when needed. This question is oompl icated by the
faot that future demand is unknown. Consequently, the costs assooiated with
holding or disposing of the item are also unknown. Even with this
uncertainty, however, as the mmount of stock retained is inoreased the
oxpected oosts of holding these assets will inorease. Conversely, as the
stook retained is increased, expected reproourement costs will decrease as the
chanos of exhausting the stook and having to procure the item decreases. This
oonoept is shown in the graph below,

Figure 1
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The point at which the two lines aross is the smount of stock at which the
costs of retaining the material in the inventory equal the ocosts associated
\111th disposal and possible reproourement; that is, the eoconmic retention
ovel.

The econmic retention model developed for this study evaluates the expected
holding costs versus the disposal and reproourement ocosts for various smounts
of stock over the mext 25 years. The expected costs are evaluated by means of
& breakeven equation. The stook quantity being evaluated is originally set at



one years worth of demand for the item at its ourrent demand rate. (This
inorement, a years worth of demand, was chosen beocauss LA currently measures
retention limits in years worth of ourrent demand). If the expected holding
costs for the item are less than the expeoted costs assoociated with disposal
and reproourament, then the stook quantity is inoreased by a years worth of
demand and the oosts are reevaluated. These incramental increases are
continued until the breakeven point is breached, i.e., holding the additional
stock is more costly than not holding it.

The develoment of a returns limit was aimilar to the develommeunc of the
retention limit exoept the cost of returning the item to the imventory was
also oonsidered.

Development of the breakeven equation required the identifiocation of relevant

ocost factors and their appropriate values, a detemimation of required item

data, and the develomment of demand probabilities. A detailed desaription of

::loix of these oamponents and the develomment of the breakeven equation
ois.

A. Cont Fagtora

The ocost factors identified for use in the econamic retention model were:
storage oost, disposal oost, returns oost, and reproocurement oost. The
equations used to derive the oost values for these factors oan be found at
Appendix A,

1. Storage Coat. The storage cost ocurrently used throughout ILA
is canputed as one percent of an iteam's unit price. There has been sme
controversy conoerning the acouracy of this one peroent rate. Cost data from
the RCS-48 Report, FY85, for Depot Operations were used to recampute this
value. These data reconfirmed the one peroent storage cost rate used in this
study.

2. Disposal Coat. For each disposal aotion, there is a one-time
cost inocurred by DLA to process and transport an item for disposal, a cost to
Defense Reutilization and Marketing Service (DRMS) to reoceive and process the
disposal, and a realized salvage value. The processing costs to DRMS and the
realized salvage value will be referred to as the net disposal rate for DRMS.
This net disposal rate has been caloulated as 10.4% of an items's unit price.
The ILA Depot Operations Division (DLA-OW) identified the cost per line to DLA
to be $5.31. The sensitivity of the breakeven equation to ILA disposal cost
was tested for values of $0.67, $2.15, $5.31, and $10.49. A review of
disposal actions for FY85 showed the median number of items per line was
eight. Therefore, the ninimum ocost tested represents an estimated disposal
cost per unit.

3. BReturns Cost

The cost to return an item is oonsidered to be a one-time ocost which includes
adninistrative, receipt, and item management oosts incurred by DLA. Various
sources exist for this ocost data, but each cite ’ different value. The
interim report for the DoD Materiel Returns Study[3 identifies a cost range
from $10.00 to $13.00 as the ocost to return. This range was derived fram
input received from the Services and DLA ooncerning their independent



assesments of returns oost. The DLA-OW identified the cost per 1line to
proocess a return as $10.22.

A ocost to return was only employed in the eoonomic retention model when
detemining the econamic returns limit. The senaitivity of the breakeven
equation to changes in returns cost was tested for values of $2.04, $L.58,
$10.22, and $15.00. A review of return quantities acoepted during FY85
identified the median number of items per line to be five. Therefore, the
minimum oost tested represents an estimated returns cost per unit.

4. Reprocurement Coat. For any proocurement action, there is an
associated administrative oost to order along with the purchase price of the
item. The avrugo oost to order was identified as $90.75 (Cost to Order
Study, May 1984t%J). The purchase price of an item can be very dependent upon
quantities ordered, requirements for manufacturer setup, demand patterns,
eto.. This dependency upon oonditions when reprocuring results in premium
pricing. No trackable pattern for premium pricing has been 1identified
although repurchase prices ranging from 100$-400% of the original purchase
price have been noted. Sensitivity analyses were performed to determine the
effect of these variabilities in repurchass prices. The original purchase
price of an item was used in the final analysis.

The time value of money was also considered. Each developed recurring cost
represents a projected future cost inocurred in each year throughout the
planning horizon. These future ocosts were discounted back to the base year
using present value farmulas. A disoount factor of .10 was used in accordance
with ILA and DoD direotives.

B. Iitem Data Requirements

The Item data files fram the ILA Integrated Data Bank were screened for
ourrent active items. One percent randam samples were selected for each
commodity. All analyses were performed on a oommodity basis.

With the exoception of demand probability development, the only item data
elmment not readily available was the item's expected remaining life in the
systen. In order to calculate an item’s expected remaining 1life, it was
necessary to know the expected system life of the item. No estimate of the
technological 1life of ILA items was readily available. For the purposes of
this study, estimates of item lifetimes were obtained by selecting those
items on the Supply Control File that were identified for deletion from the
inventory during FY82, 83, and 84. The total time these items were in the
system was calculatnd and then averaged across each FSC. A standard deviation
for the observations from each FSC was also calculated. The average and
standard deviation then were used to estimate the system life for all items in
that FSC. Three standard deviations were used to ensure a conservative
estimate,

Within the eoconomic retention model, an item's expected remaining life is
camputed as follows:

REML

(FSCAVG + 3%*FSCSTD) - CURLIFE

where: REML z remaining life in the system
FSCNV G average expected life for an item in the FSC



FSCSTD = standard deviation of the camputed FSCNG
CURLIFE = an item's time in the system to date
s Current Date - System Entry Date

C. Demand Probabilities

The eoonamic retention model used in this study is very dependent upon the
probability that damand over an extended period will exoeed the proposed
retention stock. The approach taken was developed in a previous study
oonducted by the ILA Operations Research and Econamioc Analysis Office in 1978
[5]. That report stated "DLA has never maintained an item demand history of
sufficient length to be able to prediot long-term demand trends."
Unfortunately, this is still the ocase today and, as a result, the develomment
of estimates of the probabilities of demand are mainly theoretical.

The ounulative probability that demand would exceed the proposed retention

stock was ocaloulated for each year in the 25 year in the planning horizon.
These ounulative probabilities were then used to determine the probability

that a stockout would occur in a given year.

The model also assumes that retention decisions are most likely to ocour
during the latter portion of the life of an item when the demand rate decays
as the item 1is replaced by improved technology or new programs. The model
uses an exponential decay rate such that the demand for the item decays to ten
percent of its ocurrent level by the time it reaches the end of its expected
life. This assumption highlights the faot that eoonmioc retention limits are
not applicable to highly active items experiencing growing or oconstant demand
patterns.

A detailed derivation of the demand probabilities is presented in Appendix B.

D. Development of Breakeven Equation

After the oost factors and the demand probabilities were established, the
breakeven analysis equation was developed to determine the econmmic retention
limit. The retention decision invalves a trade-off between retaining assets
for future issue and disposing of assets and taking the chanoe of reproocuring
them in the future. Each side of the breakeven equation oorresponds to one of
the options. The left side of the equation corresponds to the decision to
hold the stook while the right aside quantifies the decision to dispose of the
item now and take the chance it will have to be reprooured in the future. The
various parts of the equation are depioted below.

Hold Decision vs. Dispose/Reprooure Decision (1)
Expected Holding CostzExpected Reprocurement Cost-Return fras Disposal (2)

The expected holding and reprocurement costs are summed over the 25-year
planning horizon. Because demand is uncertain, the holding cost for each year
is weighted by the probability that the stock has not been exhausted or the
probability of having stock on hand. Similarly, the reprocurement ocosts are
welghted by the probability that a stockout ooocurs in a given year. When
these terms are added and the previous terms are expanded into each of their
camnponents equation (2) beoccmes:



25 25

L [(SRATB'SP)'PS(HJ] = x((RPRATE'SP+RPCOST))'PSGJTJ-[(DRATE'SP)-DCOST] (3)

Ja1 =1
where: SRATE = storage oost rate
SP = item unit price
PSCH § = probability of stook ou hand in year J
z {=P
wheroJPJ = probability that total demand exceeds stock on
hand in years 1 through J
RPRATE = premiwm pricing rate
RPCOST = one-time cost to order
PSGITJ = probability of a stockout in year J
DRATE" = net disposal rate (DRMS)
DCOST = DLA disposal ocost

Finmally, each of the oosts in years 2 through 25 are multiplied by a discount
faoctor to adjust these costs to present year dollars. This term is amitted in
the equations shown here for the reason of clarity.

The returns breakeven equation was developed in a similar fashion, The
decision facing the wholesale manager in the returns situation is whether to
acoept a return and the associated costs of bringing the item brok from the
retail level or deny the return request and take the chanoe he will have to
procure the item in the future. When we consider the costs associated with
this decision at the retail level one of two costs will be incurred. Either
the return will be acocepted and the retail level will incur a ocost to ship the
item to the wholesale level or the return will be denied and the retail level
nay inour a cost to process the item for disposal. It is assumed that these
costs would vary among the various retail locations but the ocost for either
outome, prepare for return or disposal, would essentially be the same for the
retail customer and, therefore, they are not included in the returns breakeven
equation.

The left =side of the returns breakeven equation is similar to the retention
equation except that the ocosi to DLA of accepting the returned item into stock

is added to the expected holding cost. The right side of the equation remains
the same. The resulting equation is shown below.

25 25
RTNCOST+ I [(SRATE'SP)'PS(HJ]= £ (RPRATE'SNRPCOST)'PS(IJTJ-[(DRATE'SP)-DCOST]
J=1 J=1

where RTNCOST = Cost the accept the return into the inventory and all
other temms are as defined above.



The breakeven retention equation was usad to determine at what stock level the
total expeoted holding ocost over a given time horizon (25 years) exoceed the
net disposal cost and the total expected reprocurement ocost for the same time
horizon. The oamputed probabilities of stookout are a function of the stook
quantity being tested. The inoramental increases in stook being evaluated are
maintained by oounters within the econcmic retention model. Appendix C
presents a flowchart deploting the overall model logio of the eoonmio
retention model.

E. Sennsitivity Analvses

As with any question of eoconamios, the ocosts employed may have significant
impaots upon the results. Sensitivity analyses were perfomed by varying the
estimated returns oost, disposal oost, and premiwm price rate for
reprooureanent.

The computed remaining life of an item also impacts the results of the
breakeven equation due to its use in camputing the exponential decay rate for
demand and the demand probabilities. There are some items currently active in
the system whose life has already exceeded the camputed average life for an
item in its FSC. Given its ocurrent status, there should exist a minimum
reamaining life for that item. Several minimum levels were tested. A minimum
remaining life of three years was used in the final analysis.

F. Implementation Methodology

Previous studies on economio retention limits for DLA wholesale stock have
enpl oyed methodologies similar to those used in this study. However, methods
of implementation have usually resulted in the use of an overall or ocommodity
average retention limit being applied to all items. This study attempted to
develop an improved implementation strategy which will more acocurately portray
the study results.

The addressed strategy imvolved performing regression analyses on item data
inputs within the model to identify those variables highly correlated with the
resultant econamic retention limit. Once these factors were identified, the
predictive equation was used to generate "look-up® tables for selecting an
item's retention limit based upon identifiable characteristiocs. An item's
unit price and remaining life were found to be the most influential factors in
determining the retention 1imit. The regression results are presented in more
detail in the next section.

IITI. ANALYSIS RESULTS. 1Initial analysis using the econamic retention model
produced information for average retention limits on a ocommodity basis,
Within each ocommodity, items were categorized as replenishment, NSO, and
other. Additional statistical analyses for frequencies of camputed retention
limits and the minimum and maximun unit price of items within each retention
limit were performed.



This first step in the sensitivity analysis identified the impact of the one~
time oosts of disposal on the retention decision with regard to the one
peroent storage cost rate. Dependent upon the disposal ocost, a unit price
breakpoint is established. If an 4item's unit price falls below this
breakpoint, the analysis determines that it is more econmical to hold all
stook rather than inour disposal ocosts. Due to these sastrictly econmio
conaiderations, remaining life and the probability of demand may never come
into play in the breakeven equation. The separate categories of
replenishment, NSO, and other displayed no appreciable differences in their
camputed retention limits.

The next step in the analysis again identified the average oomputed retention
limit for all items but also identified the unit price breakpoint, the number
of items with unit prices greater than this breakpoint, and the average
camputed retention limits for these items. Results of this analytical satep
are presented in Table 1. For example, when a DLA disposal cost of $5.31 was
tested for the General commodity, the overall average coamputed retention limit
was 16.86 years worth of ourrent demand; the 966 NSNs with unit price 1less
than or equal to $28.48 had retention 1imits of 25 years; and the average
computed retention limit for the remaining 822 NSNs with unit price greater
than $28.48 was 7.30 years worth of current demand.

The results for all commodities show a large difference between the overall
average and the average for those items with less than a 25 year limit. This
result may be attributed to a combination of several factors. The first of
these is that a large percentage of items in each cammodity fall into the
price range where the oost to dispose of the item is greater than the ocost to
hold the item indefinitely; oonsequently, due to the selected plaraing
horizon, the model assigns a 25 year retention limit. For those items that do
not fall into this oategory, two factors: (1) the assumption of an
exponential decay rate, and (2) the high number of items with relatively short
remaining 1ife, tend to lower the r«tention limit.

The unit price breakpoints presented in Table 1 are dependent upon the
commodity smmple. For follow-on sensitivity analyses, 'standard' breakpoints
were oomputed algebraiocally.

2. Returns Cost. The returns ocost were set at four levels:
$2.04, $4.58, $10.22, and $15.00. The oamputed returns limits for each
commodity are presented in Table 2. The overall average returns limits show
same sensitivity to the return cost used. The wunit price breakpoints
discussed above ocour in the returns limits only when the disposal oost
exceeds the return oost (see Table 2b).

3. Premium Prioing

For the General commodity, the effeoct of changing the premium priocing rate was
analyzed. The cost to proocure an item in future years was inoreased to 150%,
250%, and 1400 of its present unit price. The results of this cesting are
presented in Table 3. Disposal oorts are $5.31. Fach ocell of the matrix
presents the overall retention calculated for all items in the sample, the
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‘Table 2A
TFFECT 3F RITLENE (05T
0N TOMPUTED RETLANE LIMI°S
J157088L £J8T = 35,01

CORMODITY \ RETURNS !

(TOTAL) \COST ! 82,040 $0.38 ¢ 810.22

[] []
] ]
PSS 8220 481D ST D OVERALL AVE RL
CONSTRUCTION foIet0t 286t 2959 29591 025 WRS
(2959) bOS9! SASD GB1! AT AVE WHEN € 23 YRS
to16.50 1 T8 0.000 0.0t NAK UNIT PRICE
(] 1) ' (] [}
: : : - !
DoAYt 12971 673 624! OVERALL AVE R
ELECTRONICS PO ASS ! B9 e 0 (23RS
(6479) PRV 7.6t T3 B0 AVG WHEN ¢ 25 YRS
POWTSE T4 000t 0.00 1 WAX UNIT PRICE
IS8T 12071 T.OTD 85T ! CVERALL AVS AL
GENERAL PoOBet 1323 (7890 (7630 8¢ 25 VRS
(1738) {1251 TS2Y N0T! 0 5T AVS NHEN ¢ 25 YRS
2431 T 0400 0,00 ! HAX UNIT PRICE
D28t 1892 881 8.5 ! OVERALL VS AL
INDUSTRIAL Dolast 2T Sl S8 4 ¢ 25 VRS
(39381 D052 1 (0.7 8960 B.I5 ¢ AVG WHEN ¢ 25 YRS
DOIBTLD AOLT 0000 0.00 | WA UNIT PRICE
PO19730 STt 5930 5.5 0 OVERALL AVS RL
MEDICAL PoooATt o B2 1350 1380 4 (25 VRS
(38 POBAT! 1785 5970 5.56 0 AVE WHEN < 25 VRS
OSSBS D T4 GO0 .00 NAK UNIT PRICE
OB 12220 &041 5441 OVERALL AVS AL
TEITILE A L T P O
(2161 D830 LI G4 5841 VR UHEV £ 25 3
DAL LI B0 0.00 0 MRUONIT FRICE
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Table 28

EFFECT OF RETURNS COST
ON COMPUTED RETURNS LIMITS
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nmber of items with a retention level of less than 25 years, the average
retention limit for those items, and the maxinwm unit price of items with a
25-year limit.

Due to the low probability of issuing a reprocurement in the outyears, the
senaitivity testing for preniwm prioing rates did not identify this as a
significant factor. It is for this reason that the standard unit price of the
item was used as the repurchase prige.

Table 3
SENSITIVITY OF PREMIUM PRICING RATE
/Preniunm
Category/Prioce Rate 1.00 1.50 2.50 4.00
Overall Avg RL 16.86 17.00 17.17 17.35
# < 25 YRS 822 822 822 822
NG When < 25 YRS 7.30 7.61 7.97 8.37
MAX Unit Prioce 28.48 28.48 28 .48 28.48

4. Mininum Remaining Life. For the General oommodity, the effect
of ochanging the nminimm remaining life was also analyzed. The minimum

reaaining life was tested for 3, 5, and 10 years. Results are presented in

Table 4.
Table A
SENSIVITITY OF MINIMUM REMAINING LIFE
/Mipimum
Category/PREM. IFE 3 IRS 5 YRS 10 YRS
Overall NG R 16.86 16.96 17.29
# < 25 YRS 822 822 822
NG When < 25 IRS T.30 7.50 8.23
MAX Unit Price 28.48 28 .48 28 .48

5. Results. Based upon the results of the sensitivity analyses,
the following parmeters were used for the final analysis:

Disposal Cost = $0.67 and $5.31

Returns Cost = $2.05 and $10.22

Praaiwm Pricing Rate = 100% of present unit prioce
Minimum Remaining Life = 3 years

Due to the unoertainty in the cost figures, two values were selected to
represent the range of possible values. The lower ocost figures represent an
estimate of the cost per unit based on the median number of units per 1line
estimated for disposal and return actions. The higher figures repressnt the

12



estinated average ocosts to prooess a return or disposal 1line. Results for
both sets of oosts are presented in order to better understand the effect of

thess oosts.

B. Implementation Methodology

In an attempt to show how this polioy might be implemented, regression
analyses were performed to identify the highly oorrelated variables. Unit
price ocategories based upon the price oategories utilized in the DLA Summary
Fraotionation Reports were established as regression variables. The unit
price breakpoints previously identified were inoorporated within these
categories. Regression results identified these unit price categories and
renaining 1ife as those factors highly correlated with the retention limit.

A regression equation was then used to develop an approximation to the
retention 1imit ocalculated by the model. Table 5 presents the results of the
average retention 1limit for each unit prioce oategory/remaining 1life
combination. The table presented is for the General oommodity.

Table 5
EXAMPLE RETENTION LIMIT MATRIX
GENERAL
REMAINING
LIFE: 2 4 b 8 10 2

. 12 14 16 18 20
$0.01-83,43 25,00 25,00 2500 25,00  25.00  25.00 23,00

- . 2. 5 5 3 3 25.00  25.00 £.00
sf.u $3.00 6,08 4,80 1.55 8.2¢9 9.03 .77 1.5 11,25 11,99 12.13
$5.00-10,00 4.8t 5.5 6,29 7.03 .n B.5t 9.25 9.9¢ 10.73 11. 47
8‘1,0.01-25.00 4,12 4.86 S.60 .34 7.08 7.82 B.5% 9.30 10.04 10,78
3;5.0!-50.00 .32 4.07 .81 5.55 6.29 7.03 .n 8.51 9.25 9.99
8..0.0!:8100. 2.87 1.81 4.3 3.09 5.83 6.57 1.3t 8.05 B.80 g.54
5102.0.-500. .27 3.1 3.75 4,49 5.23 5.97 671 1.45 8.19 8.93
£502.01~1000. 1.68 2.62 3.38 4,10 4,85 5. 59 6.3 7.07 7.81 8.55
OVER $1000.00 1.88 2,82 3.3 4.10 4.85 5.5¢ $.33 7.07 7.81 8.55

Regression tables for all cammodities are presented in Appendix D.

Similar regression tables for returns limits are also provided in appendix D.
It is important to note that for same cambimations of unit price and remaining
life the return limit shown in the tables is larger than the retention limit.
This occurs only in cells which represent higher unit prices. It should be
expected that as the unit prioe of the item increases the return and retention
limits would converge due to the fact that the return ocost becomes relatively
small when compared to the price. The return limit should never exceed the
retention 1limit however. These unexpected results are most likely due to the
fact that there are a limited number of observations in these oells and,
consequently, the regression over prediots the limit. In these oases the
retention limit would also serve as the returns limit.

13



These regreasion tables oould be established as 'look-up' tables or indices
for determining an item's retention/returns limit based upon its unit prioce
and estimated remaining 1ife. The question unanmwered is how to best estimate
the ranaining life. This information may not be readily available to an item
panager. However, the data used in this study to ocmpute system lifetimes are
available in the SAMMS gystem.

In an effort to overoome this oonstraint, ‘'actuarial-type' tables were
developed in an attapt to estimate remaining life based upon the current age
of an itam. These tables are presented in Appendix E. This approach oould be
aployed with minor modifications to the regression tables established.
However, due to the limited data available for development of these
'actuarial-type' tables, oonfidence in the projected remaining lives is not

high.
. CONCLUSIONS

A. No one overall average retention limit acocurately reflects DLA item/
system behavior.

B. Computed retention limits are dependent upon disposal oost. An
iten's estimated remaining life is also a significant factor.

c. If it is uneoonamical to dispose of an item at any time due to the
low storage oost rate and unit price, the retention decision is to hold all
stook rather than inour disposal costs.

D. If disposals are econmmiocal, remaining life and the probability of
demand in future years influence the retention decision.

E. If disposals are econmmiocal, average oomputed retention limits range
from five to ten years worth of current annual demand, dependent upon the
ocommodity and disposal oost.

F. Average oomputed returns limits range fram 5 to 10 years worth of
ourrent annual demand, dependent upon the ocammodity and return ocost.

V.  RECOMMENDATIONS

The model asswmes that the ocosts used for return and disposal are per unit
costs. The best estimate of these ocosts were $.67 per unit for disposal and
$2.05 for returns. These costs should be used for development of an eoconamioc
retention/returns polioy.

One of the most difficult aspects of this study was the develomment of oosts
for the prooessing of disposals and returns. The final figures used were
gross averages and while thess were the best available at this time, they may
not aocurately reflect the variable nature of the oosts. Research into
methods to more accurately specify these costs is reoommended.

The regresaion based tables developed for the econcmio retention and returns
limits should be used as guidelines to develop an econmic retention/returns

palioy.
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APPENDIX A
Dayelopment. of Coat Faqtoras
The equations used to derive the costs for this study are presented bel ow.

Costs were derived from the RCS-48 Report, FY85, for Depot Operations. The

required item/system data were obtained from the ILA Inventory Data Bank Item
data files.

1. Storage Coats

a. Storage rate per unit § value = Total Storage Cost

Total Asset Value of Average
Stock on Hand
2. Disposal Coata

Net Disposal Revenus (PRMS) = Gross Disposal Revenue (DRMS)
- Gross Operating Costs (DRMS)

Net Disposal Rate per unit = Net Disposal Revenue (DRMS)
$ Value (DRMS)

Total Asset Value of Disposed Items

Total Net Disposal Costs = DLA costs to dispose - (Net Disposal
(System) Rate ® § Value of disposed items)

The oomputation of Gross Disposal Revenue inoludes consideration of reutil ized
materiels at 50% of their original aoquisition value.

A-2



APPENDIX B
Derivation of Demand Probabilities

B-1



Demand

APPENDIX B
Rerivation of Demand Probabilities

A.  Demand Patterns

One of the key assumptions made in the develoment of the demand probabilities
is that demand rate decays as the item ages in the systen.

Figure B-1 is presented as a general case for demand patterns of anitem in
the DLA system. Over the life of an item the demand process should pass
through three stages. The demand rate will rise rapidly during the demand
develoment period (Stage I) and level off samewhat in Stage II, where it will
fluotuate around a more or less constant mean rate for some undetermined
period of time. Inevitably, the demand rate will begin to decay. This is
indiocated in Pigure B-1 as Stage III. Ttems that are in Stages I and II are
not aotual demand fails to equal the quantities prooured earlier, thus
bringing about a potential excess situation. [5]

Stage I
g:ma?d- . :tage I
velopmen cti
pme ve Demand Stage 111
Demand Decay
;'-k“-_*_\'_ ~ I )

l
Short Time
Term

Horizon

Figure B-1 Lifetime Demand Process

B-2



If it is assumed that this decay rate is exponential in mature, then the mean
and variance of the demand over some horizon, H, can be expressed as:

M (H) = [Dy/r] (1-e=TH) (1

o 2(0) = [((a+1)Dy/((2r-b)ry)1-¢"(2r-D)H) (2)

vwhere: g is the variance to mean-square ratio of requisition size,
D, is the current annual demand rate,
Fo is the ourrent frequency of requisitions (requisitions/

year),

r is the rate at wvhich demand decays, and
b is the rate at which frequency decays.

Since demand over an extended period is made up by summning many individual
demands, the resul ting distribution of demand can be expected to approach a
nornal distribution in funotional form.

Equations (1) and (2) can then be used to find the probability that demand
over scme time horizon (H) will exoeed a given stook quantity.

B.  Demard Probabilities
If the given stock quantity is expressed in terms of the ocurrent demand rate,
Dy times the nmber of years to stock on hand, y, then the probability that
the random variable of total demand, XJ, exceeds the stock level, yD,, is:

P = Probability (XJ > !Do)

= N[(yDy -y (H))/ o (H)] (3)

where N is the camplementary cumulative normal distribution function.

By substituting equations (1) and (2) into equation (3), the probability, P,,

that X;, the random variable representing total demand over j years, exceeda
some ifitial level yD, beoomes

(y-(1-e=Fd)/r) -I

[« a+1)/(Zr-b)l'o)](1-.'(23"b).1)-]

where y is equal to the retention limit expressed in years worth of
current annual demand.

These probabilities, the P,., are the cumuiative probabilities or the
probability that demand excéeds supply in years 1 through j. The proba-



bilities used in the model, probability of having stock or hand at the end of
year J, and the probability of a stookout during a given year, are computed
from thess cmulative probabilities.

To determine values for each of the terms in equation (4), some further

development vas required. The o, F,, and r terms in the equation are known
or can be calculated.

1. The variance to mean-square ratio was osloulated from the
requisition history for the sample of items used in the model. Ths
requisitions for FY8M, FY85 and the Supply Control File were used to determine
I, and caloulate a.

2. The rates at whioh demand and frequency decay, r and b,
respsctively, are unknown and must be approximated. A value for r can be cal-
culated using the estimated remaining life of the item and by expressing the
neoan demand rate for the item at the end of its 1ife as a percentage of the
ocurrent demand rate. For example, if the demand rate for anitem at the end
of its 1ife, time L, is one-tenth the current demand rate, then the following
relationship holds:

.10D = De~TL

or
rs-(in .10)/L
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APPENDIX C

MODEL LOGIC FLOWCHART
ECONOMIC RETENTION LIMIT MODEL

INITIAEZPTION
SET LIMIT =0

4

TEST LIMiT=
LINT ¢ 1 VR

TIN: LOOP
dz=1

COMPUE Pj

l

COMPUTE
EHCj,ERC)
EHC=EHC+EHC
ERCsERC+ERC|

INCREMENT j

EHC j= expected holding
cest in year j
EHC = total erpected
holding costs
ERCj= espected reprocuresent
cost in year j
EPC = tota] expected
reprocuresent costs
DC = disposal cost

SET LIMIY
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REPAIRING

LIFE: 2
UNIT PRICE
$),00-83.43 25.00
$3.44-85.00 4.45
£5.00-19.00 412
$10.01-25,00 3,55
$25.01-50.00 2.96
£30.01-4100, 2.52
$106.01-560. P
$500.01~1000, 2,09
OVER $1000,00 1,93

RENAINING

LIFEs 2
UNIT PRICE
$3.01-83.43 25.00
$3,44-83.00 5.13
$5.00-10.00 5.08
$10.01-25.00 4.03
$25.01-50.00 L7
$50.01-$100. 2.7
$100.0¢-500. 2,26
$500.01-1000. 1.85
OVER $1000.00 1.75

4

23.00
5.2
4.68
.32
L1
3.2¢
3.04
2,86
272

23.00
6.92
3.87
4.81
4.04
3.53
3.05
2.8
2.3

]

25.00
.98
5,43
5.08
L
4,03
.81
3.62
3.48

23.00
1.70
6.63
3.80
LN
N
1.8
3.42
3.32

ECONONIC RETENTION LINITS
GENERATED USING
REGRESSION RESULTS
DISPOSAL COST = $0.67

23.00
674
6. 41
5.8%
3.26
4.82
LK)
.39
425

2.00
8.49
1.44
6.39
3.43
3.12
482
L2t
.1

CONSTRUCTION
10 12
25.00 25,00
.31 8.2
.18 .95
6,61 7,38
6.0 &%
S99 83
5u b
.45 5.9
3.0 5.8
ELECTRONICS

10 12
25.00 23,00
9.28  10.06
823  %.02
7.8 2.9
682 1.2
LN [ N
4 620
499  5.78
459  3.69

D-2

14

25,00
9.08
8.71
8.13
1.5
1.12
b.87
b.69
6,55

1

235.00
10.63
9.80
8.75
1.9
1.48
(]
6.51
6. 47

14

25.00
9.8t
9.40
8.91
8.33
7.88
7.64
1.45
1.3

16

23.00
11.84
10.59
9.54
8.78
8.27
nn
7.3
1.2

18

25.00
10,57
10.24
9.68
9.09
8.65
8.4
8.22
8.08

18

25,00
12,43
11.38
10.32
.57
9.0
8.5
8.14
B.05

20

25.00
1L
11.01
10.4
9.86 .
%.42
9.47
8.98
8.65

20

25.00
152
12.16
1.1
10,33
9.84
9.35
8.93
8.63



REXAINING
LIFE:

UNIT PRICE
$0.0:-83.43
$3.44-45.00
£5.00-10.00
$10,01-25.00
£25.01-39,00
$30,01-4100,
$100.,01-500.
$500.01-1000.

JVER $1000. 09

REMAINING
LIFE:

UNIT PRICE
$0,01-43.43
$3.44-45.00
$5.00-10,00
$10.01-25.0¢
$23.01-50.00
$50.01-$100.
$100.01-500.
$500.01-1000.

OVER $1000.00

2 .

25.00
6.06
4.81
412
pR Y,
2.87
2.2
1.88
1.88

25,00
8.2
6.80
59
489
LN
LT3
1.93
0.63

1

25.00
6.80
3.55
4,86
4,07
.81
3.0
2.62
2.62

]

25.00
6.87
1.42
6,21
5.3
4,40
3.36
.54
1.8

b

25.00
1,95
6.29
5.60
4.6l
35
3,75
3.3
3.3

]

23,00
9.48
8.03
6.82
3.92
3.02
3.9
.16
2.08

23,00
8.29
1,03
6,34
3,55
3,09
.48
4.10
410

25.00
10.10
0.64
1.44
6.33
3.83
A5
.
2.70

GENERAL

10 12
25,00  25.00
.03 M
1.7 el
7.8 7.82
6,29 2.03
5.8 &%
YA R )
485 5.5
4.85 3.3
INCUSTRIAL

10 12
25.00  25.00
10.71 1LY
%26 9.9
8.0 8.8
.15 L
628 6.86
.20 5.8
43 5.0
3.3 92

D-3

14

235,00
10.51
9.25

b I

—

o O~ O ~ ) D
-

Cd €4 ~) <4

Cd Gt v

14

250”
11.94
10.49
9.28
.38
1.4
5,43
3.61
454

18

25.00
11.25
9.99
9.30
8,31
8.05
1.45
7.07
7.07

16

23,00
12,55
11.10
9.69
8.99

. 8.09

7.05
6.2}
S.15

18

25.00
11.99
10.73
10.04
9.25
8.80
8.19
1.81
1.81

18

.00
3.1
1.1
10.31
9.61
8.70
1.6b
6.84
s»n

20

25.00
12,73
1.4
10.78
9.99
9.54
8.93
8.3%
£.35

20

23,00
13.78
12.33
11.12
10,22
9.32
8.28
1.4
6.38



RENAINING
LI®E:

UKIT PRICE
$0.01-42.43
$3.44-45,00
£%.00-10.00
$10.01-25,00
$25,01-50.00
$50.01-¢100,

100, 01-300,
£300.01-1000,

QVER $1000.00

REMAINING
LIFE:

UNIT PRICE
$0.01-83.43
$3.44-55,00
$3.00-10.00
$10,01-23.00
’u..l'”.”
350.01'"00.
$100,01-300.
$300.01-1000.

OVER $1000,00

26,00
.84
.30
3.3
3.30
R
a0
2.2
0.68

23.00
3,95
4.0
4,01
4.0
3.08
2.92
2.1
139

23.00
6.33
LN}
.22
3.
3.2
.2
L2
L2

)

25.00
6,21
.73
LA
LA
Ln
3.63
3.63
2.11

3.0
L
5.5
3.13
.2
20
420
4.20
420

23,00
6,99
5.45
5.43
5,43
.49
.35
L33
2.83

23.00
0.20
4
6.0
313
3.13
3.13
.13
3.13

MEDICAL

10

25.00

1.70
6.17
6.17
617
U
3.07
5.07
LN

TEITILE

10

25.00

.13
1.40
1.00
6.06
6,06
b.06
6,08
.06

12

23.00
8.42
6.68
6.88
6.88
5.9
.78
5.78
4.2

12

23.00
10.06
8.3
1.93
6.99
6.9
6.99
6.99
6.99

14

25,00
9.14
1,80
1.60
1,80
6.5
6,50
6,50
4,98

14

25,00
10.99
9.2
8.84
1.92
1.92
1.92
1.92
1.92

16

25,00
9.86
8.32
8.32
8.32
1.36
1.2
1.22
5.70

16

23.00
11.92
10.18
9.79
6.84
.84
8.8¢4
0.84
8.84

1e

25.00
10.57
9.04
9.04
9.04
8.08
1.94
.94
.41

18

25.00
12,85
1
10.72
wn
wn
wn
wn
.1

20

25,00
11.29
9.75
9.75
§.75
8.80
8.8
B.65
7.13

20

23.00
13.78
12,04
11.83
10.70
10.70
10,70
10.70
10.70



REMAINING
LIFE:

UNIT PRICE
0.01-423,00
$29.01-450,
£0.00-$100,
$100,01-500,
$300,01-1000,

OVER $1000.00

REMAINING
LIFE:

UNIT PRICE
0.01-$29.00
$29.01-150,
$50.00-$100.
£$100,01-500.
$500.01-1000,

OVER $1000.00

ECONOMIC RETENTION LINITS
GENERATED USING
REGRESS10N RESULTS
DISPOSAL COST = $5.31

CONSTRUCTION COMMODITY

2 4 ] ] 10 12

00 25,00 25.00 25,00 25.00  25.00
By 43 5.2 6.01 673 1.4
02 LN A8 %20 L9 b6
% L2 3.94 Lot 53 612
21 2.9 3.67 39 5.2 5.85
21 2% 3.8 L3 312 .88

ELECTRONICS CONMODITY

23
E 3
o
w@

10 12

25.00 25,00 25.00 25,00 25.00 25.00
4,3 504 578 632 .26 0.0
32 403 ATT S8 A28 699
48 LY e .68 3.42 618
1.88 262 3.3 410 A4 3.58
1.8 282 3.3 10 4.8¢ 5.38

D-5

14

25.00
8.19
1.39
b.64
6,57
6,57

14

25.00
8.7
1.7
6,90
6.32
6,32

18

25,00
8.91
8.1t
1.97
7.30
1.30

16

25.00
.49
8.48
1.64
1.06
1.06

23,00
9.4
.84
8.30
8.03
8.03

18

25,00
10.23
9.22
8.38
1.81
1.81

20

25,00
10,37
.57
9.02
B.76
68.76

20

25.00
10.97
9.%
9.12
8.5
6.5%



RENAINING
LIFEs

UNIT PRICE
0.01-529.00
$29,01-$50.
$29.00-8100.
$100.01-500.
$300.01-1000.

OVER $1000.00

REMAINING
LIFE:

UeIT FRICE
¢.01-829,00
$29.01-350.
£30.00-$100,
$100.01-300,
$300.91-1000.

OVER $1000,00

235.00
4.3
3.48
2.1
.20
.20

"~

o300
1.13
.4
413
N

2.43

3.0
W
(%1
A
.9
o8

L]

23,00
1.8
5.u
LN
3.73

2-’5 ¢

23,00
N
3.03
413
3.38
3.58

)

23.00
i
6.43
.1
4.25
3.46

GENERAL COMMODITY

| 10 12

2500  25.00 25.00
6.6 135 8.0
57 643 LR
08 550 619
£ L% 588
821 4% 543

INDUSTRIAL COMMODITY

] 10 12

25,00 25.00  25.00
8.83 9.16 .86
.93 7.46 1.91
3.87 610 .69
4.7% 3. s.m
3.9 'R Y 4%

14

25,00
8.73
1.8
6.69
634
634

U

23,00
10,17
8.47
1.1
28
5.8

14

25.00
.42
8.50
.57
1.03
1.03

16

25.00
10,68
8.98
1.70
6.79
5.99

18

25.00
10.11
%.19
8.25
1.72
1.72

18

25,00
11.18
2.49
8.21
.29
6.50

20

25.00 .
10.80
9.68
8.95
8.0
8.4

25.00
11.69
8.99
8.7
1.80
7.01



REMAINING
LIfFE:

UNIT FRICE
C.01-$29.00

£29. 01450
£36,00-810C.
$100.0:-50C.
$300.01-1000,

OVER $1000.00

REMAINING
LIFE:

UNIT PRICE
0.01-429,00
$29.01-$30,
$50.00-$100,
$100,01-500,
£500.01-1000,

OVER $1000,00

25.00
.12
312
312
.12

1.2

2

25,00
3.33
"3.33
.23
1,33
1.33

[ ¢ )

- Ly D :,d &-l !.ﬂ
-3 vl ) D
N O O D DD

4

25.00
422
.22
Lt
2.2
a2

]

25,00
Ly
.4
L4
'R
2,60

)

25.00
3.1

s

4.00
.1
N

D-7

NEDICAL COmMCDITY

8 10 12
25,00 25,00  25.00
S .81 6.48
5.4 5.8 b.48
5.4 3.8 b.48
314 5.81 6,48
3.2 3.94 4.62

TEXTILE COMMODITY

8 10 12
25,00 25,00 23,09
6.00 6.66 nn
6.00 6.88 n
4.89 5.7, 6.66
4.00 4.66 wn
4.00 4.68 wn

4

25,00
1.16

746"

7.16
1.16
5.29

1

25.00
8.66
8.66
1.55
.86
6.66

18

25.00
1.83
1.83
1.83
1.83
5.9%

14

25.00
.55
9.55
B.H
1.55
1.5

25,00
10,83
10,43
§.32
8.43
.43

25.00
11.32
11.32
10.21
9.32
9.32



APPENDIX D (CONT.)

Regression Tables

Econamic Returns Limits

D-8



REMAINING
LIFE:

UNIT PRILE
0.01-35.00
£5.01-410.00
$10.01-425,
$23.01-830,
$59.00-8100,
£100.01-300,
$309.01-1000,

GVER $1000.00

REMAINING
LIFE:

UNIY PRICE
0.01-43.00
$3.01-810.00
£10.01-323,
$23.01-450.
£$30.00-8160.
$100.01-300.
$300.01-1000.

OVER $1000.00

J.48
1.4

20
un
.47

" "
[ 1 X4

2.08
.08

.48
410
3.62
3.05
274
.32
1.93

1.93 .

.23
42!
3.93
3.4
.22
3.0%
2.83
2.83

3.4
4,86
4.38
3.81
3.50
3.08
2.89
2.69

ECONONIC RETURNS LINITS
GENERATED USING
REGRESSION RESULTS
DISPOSAL COST = $0.87
RETURN COST = $2,05

CONSTRUCTION COMmODITY

L9 ST3 b8 1
T TR T W TR ¥
L0 545 620 6.9
R IR I X N
9 am e an
080 6% L 6.0
58 43 508 5.8
368 61 S.08 5.8

ELECTRONICS COmmR0ITY

6,00 67 152 828
5.62 43 L& 1%
.4 5% bbb 7.4
37 53 &0 4,85
26 5.02 1B 654
3.684 460 5.3 A12
34 42 L8 LN
3.43 L2 4L N

14

7.98
1.%
1.70
1.2
6.9
6.78
6.38
6.38

14

.04
’l“
8.18
7.41
1.30
408
6.30
6.30

16

8.73
8.
8.43
1.9
1.2
1.%3
1.5

o33

14

$.80
9.8
8.54
8.3
9.0
1.64
1.2
1.%

18

9.49
9.4b
9.20
.n
8.47
8.8
8.08
0.08

10,36
10.18
.1
9.13
8.82
.40
a.oz
6.02

10,23
10.21
9.95
.49
.
9.03
8.3}
8.e3

1.3
10.94
10.47
9.69
9.358
9.18
",
8.7



RERAINING
LIFE:

UNTT PRILE
0.01-$5.00
$5.01-410,00
£10.01-825,
$25.01-330,
£30,00-3100,
$10¢.01-500,
$500,01-1000,

OVER $1000.00

REMAINING
LIFE:

UNIT PRICE
0.01-$5,00
$5.01-$10,00
$10.01-425,
$25,01-$50,
$50.00-$100,
£$100.01-500,
$500,01-1000,

OVER $1000.00

4.58
4,02
3.64
3
2.56
2.49
215
2,06

[ ]

5.42
5.00
4.4
3.88
304
.14
1.36
0.17

"~
-~y -~

I 13 CA L3 L4 In N
~f EFD e O D M S
-0 =

o N D n

6.08
S.66
5.10
454
3.80
2,81
2.02
0.83

6.1
6.32
5.76
3.20
.9
3.4
2.48
1.49

C-10

GENERAL CCHMCDITY

B 10
6.67 7.36
6.1 6.80
5.93 6.63
M4 .98
5.0 5.74
4,58 527
LU 4,94
4,13 4.85

INDUSTRIAL COMMIDITY

8 10
1.40 B.0b
6.98 T.64
b.42 7.08
3.86 6.52
5.13 5.79
413 L7
3.3 4.01
2,15 2.82

8.0b
1.50
1.3
b.€8
b.44
5.9
3,63

5,54

14

8.75
8.19
8.02
.37

A3
.66
6.33
6,24

14

9.38
8.97
.40
1.83
.11
611
5.33
L4

16

9.45
b.89
g7t
g.07
1.83
1.38
1.02
£.93

14

10.04
9.63
9.07
£.51
n
6.1
5.99
4.80

18

10,13
§.5¢
9.4
8.77
B.52
B.0&
.1
M

18

10,70
16,29
9.73
5.1
8.43
1.3
6,83
5.8

20

1.3
10.95
10.39
9.83
9.09
8.09
1.3
£.12



REMAINING
LIFE:

UNIT PRICE
0.01-435.00
$5.01-410.00
$10.01-428.
£235,01-50,

15¢, 00-$100,
$106.01-500,
$500.01-1900.

OVER $1000.00

REMSININ
LIFE:

UNIT PRICE
0.01-$5.00
£5.01-410.0¢0
$10.01-$25.
$25.01-$50,
£50,00-$100,
$100.01-500.
$500.01-1000.

OVER $1000.00

~N

O & s (4~ OO ~) 4
O M s LA O LN g s

L S T K T S R R X K Y )
- .- - - o -

4.0
3.45
3.57
3.48
.07
.8
2.7%
1,40

4,05
3.9
3.%8
3.28
3.2
3.28
3.2
3.28

4.75
£.16
.28
4.20
3.78
MY
3.48
2,12

.92
4.81
4.85
.15
4.15

S AS

15
4,15

D-11

*EDICAL COMMODITY

[--]
-
(=2

.46
.88
5,00
4,91
4,50
4,26
L19
2.8

Cd I e TR A LR A O
- - - - =

N -0 0D P2 O ~d O e
A = Q3 D 4 0 D O

TEATILE COMMDDITY

8 10
5.79 b.8b
5.8 6.55
1 6.5¢
5,02 5.89
3,02 3.8¢
5.02 3.89
3.02 5.89
5.02 5.8

12

£.90
6.1
6.83
£.35
5.9
%))
5,43
27

12

1.5
1.42
7.4
6.7
6.76
6.76
6.76
6,76

—
F )

O O~ ~§ =4 ~3 ~J
« 4 o ® a

- oD e D O~
-~ n O~ N e e

P -
-3
o -

14

.40
8.29
8.33
.43
1.63
1.63
1,43
1,63

—-—
o~

e e e & e a &
~ LD w2 (4 ] 00 ~ 4
S O 3 ~d D~ A

en

18

9,05
B.46
8.58
8.50
8.08
7.85
1.78
6.42

18

10.13
10.03
10.07

9.37
.0
.37
t R
.37

9.76
9.18
9.30
9.21
8.80
8.5
8.49
7.13

20

11.00
10.89
10.94
10.23
10.23
10,23
10.23
10.23



UNIT PRICE
0,01-45,00
13.01-%10.00
$10.01-423,
$25.01-4350.
£50.00-£100,
$100,(1-300,
$309.0i-1000,
OVER $1000,00

REMAINING
LIFE:

UNIT PRICE
0.01-45.00
$5.01-510.00
£$10,01-$25,
$25.01-$50.
$50.00-$100,
$100.01-500.
$500,01-1000,

OVER $1000.,00

ECONCHIC RETURNS LINITS
GENERATED USING
REGRESSION RESULTS
[1S20SAL CO5T = $5.3t
RETURN COST = £10,22

CCNETRUCTICN

p 4 b B 10 12
2.8 MY .28 4.99 5.70 6.4
.86 3.5 4,26 4.99 5.70 6.41
2.78 3.4 4.20 4,91 3.62 633
Z.60 33 4,02 £.73 5.4 .15
2,46 AR Y) .88 4.59 5.30 6,01
2.3 3,08 wn 4.48 3.19 5.90
2.2 ow 3.48 .19 5.10 5.81
.16 .87 2,56 £.29 3.00 .1

ELECTRONICS

2 4 6 8 10 12
3,64 4,75 5.06 an b.48 1.19
3.48 £.19 4,91 5,62 6.13 1.04
. 3.%0 4.41 FRYS 6.03 tT4
2,95 3.6 L1 1) 5.09 5.80 6.51
2.7 3.48 417 4.68 5.59 6.31
2.45 3.17 3.88 4.59 3.30 6.01
a1 2.88 3.59 4,30 5.01 5.12
2.1 2.68 3.59 4,30 5.01 .

D-12

14

112
.12
7.04
6.E6
6.72
b.61
6.52
6.42

14

1.90
1.73
7.45
1.2
1.02
6,72
6.43
6.43

1.83
1.83
1.75
1.57
1.4
1.3
1.23
7.13

16

8.61
8.44
B.17
1.93
1.73
1.8
1.14
1.14

—
oy

~ -4 (O O 0 O MO o
$ et e e ad e, e

D ~0 O == 0 e LN LN
R o T - - B - S

18

9.33
9.17
8.88
.84
8.4
8.14
71.86
7.88

2

9.28
§.26
9.17
8.99
8.83
B.75
8.65
.55

20

10.04
9.88
9.59
9.35
9.15
8.85
8.%7
8.57



REMAINING
LIFE:

UNIT PRICE
0.01-$5.00
5.01-£10.00
$10.03-823,
20.01-850,
£50.00-$190,
£10J.01-500,
£500.01-100¢,
CVER £1000,00

REMAININS
LIFE:

UNIT PRICE
0.01-45,00
$3.01-$10. 09
$10,01-425,
$25.01-330,
$50.00-100,
£100.01-500.

$300. 01-1000,

OVER $1000.00

3.81
3.52
347
3.1
.9
vl
2.43

2,38

(o8 ]

.59
.48
4.18
3.80
3.40

1.84
1.09

4.43
416
&1
3.78
163
3,78
.07
3,02

5.19
.08
.78
.9
3.9
3.2
2.4
1.9

35.09
4.80
4.7
£.43
4,28
3.99
L.
3.66

5,79
5.8
3.38
3.0
4.5
3.81
3.06
2.2%

EENERAL CONMDDITY

8 10
57 638
78 L I N
w3 08
5.0 L1
492 .3
LN A S

I8 500
LM 4,95

INDUSTRIAL COMPIDITY

B 10
6,38 4.9
8,21 487
.9 &9
5.47 2
5.9 LM
L4 5.0
383 A
2.89 1.8

D-13

12

7.02
¢.73
6.68
£.35
6.20
5.52
5.64
5.99

14

1,46
1.7
1.32
1.00
6,85
6.36
6.29
623

14

8.18
8.07
Ln
1.48
6.98
6.20
3.4
4.68

8.30
e.01
1.9%
1.64
1.49
1.20
6.93
6.83

—
o

O~ O~ 2D DD W
Ses8Ss2gsd

18

8.95
B.46
B.61
8.28
8.13
1.85
1.57
7.52

18

537
%.2b
8.9%
.86
8.18
1.40
.84
5-“

20

9.5
9.30
§.25
8.92
en
B.49
8.2
.16

20

9.97
9.86
9.56
9.2
8.78
8.00
1.4
6.47



REMAINING
LIFE:

MIT PEICE
0.01-85.09)
$5.01-410,00
£19,01-425,
£25. 01130,

S0, 00-3130,
$100,01-300,
£503,61-1000,

QVER $10620.00

FEPAINING
JFEe

UNIT PRICE
0.01-45.00
£5.01-£10.00
$10.01-$25.
$25.01-450.

£$50. 00-4100.
£100,01-500,
£$500.01-1000,

OVER $1000.00

~3

- e
~d =4 2~ ~D
[X I8 XN X X K V)

— Y I FI I Y I N
e = H

XX
-~

.72
272
2.7
2.36
2.36
2,36
1.40
1,40

E )

-3 O - € Cd e 4 4

Cd
") o D O O 0 -0

— P D Cd 4 (4
- - o e

-

P AN e s o CR CH LA

E— I B P B B P ]

Y td 4

, P ) O 4
e e =

FEDICAL COMNMODITY

b 8 10

4,06 w1 5.4
Lo A4 5.41
.06 74 3.4
4,06 474 2.41
4.0 4L 4
3,80 21 4,95
3.60 .7 4.95
2,59 3.26 3.94

TEXTILE COMNCDITY

433 S N
£33 S8 5.9
L33 L 5w
9 478 558
39 47 5,38
9 478 5.58
3.0 3.81 4,62
3.01 3.81 4.62

D-14

-—
(%]

o~ ™ O~ O~ O
. - -
o0~ OO OO

- ) ~3 G0 O O @ 0

an €W N
e e

-
~

deLIAAA

LN LA O~ O O~ O~ O~ O
¢ . . =

o e o4

A A

14

8.7
6.76
6.76
)
6.7%
6.29
5.29
.29

14

1.56
1.5
1.56
1.20
7.2
1.2
6,23
8.23

16

1.4
1.8
1.43
1.8
1.8
£
6,97
5.9

16

B.36
8.36
8.36
£.00
8,00
8.00
7.04
7.04

18

8.10
8.10
.10
8.10
8.10
1.84
1.64
6,83

18

.17
9.0
.17
e.81
8.81
8.01
1.84
1.84

-~
<>

-

~ D O M U M O T
Cd G b
e va = 3 00 O O O

20

§.97
.97
5.9
§.61
9.481
9.61
8.63
B.65



APFENDIX E

ESTIMATED REMAINING LIFE
BASED UPON
CURRENT SYSTEM LIFE

CURRENT ¢ CoMMODITY

SYSTEM

LIFE(YRS) |

p]
m

6

X

-

CONOCADUN™

e b s b Ba be
m WA
[T
=N W

[

LI T I | | e NNUAWA2AAREINNO O OO
[
111 | mmlmmmenNNWMIMOUOUCrr0CrrNDOO

no observations

INm o2 NNUAWAIPANCOTNNND O

(e ) A

E-1

13
12
11
10
10

Mo

1 1rmmmemmetNAdWAdADLIPIANCOCNN

"o
oo m

2N NN AUAUAUPAONCONDD 000

- e
9000

| mmmeNNNWAdUUWURWAIOOOCONDD O



APPENDIX F
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DODI 4100.37, Retention and Transfer of !ateriel Assets, 12 November 1981.
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DoD Materiel Returns Study, Interim Report, ILA-LO, Cameron Station,
Alexandria, Virginia, April 1986.

Cost to Order Study, ILA-LO, Cameron Station, Alexandria, Virginia, May
1984,

Economic Retention/Returns Limit Study, ILA-LOO, Cameron Station,
Alexandria, Virginia, August 1978.
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